Antiandrogens such as Casodex (Bicalutamide) are designed to treat advance stage prostate cancer by interfering with androgen receptor-mediated cell survival and by initiating cell death. Treatment of androgen sensitive, non-metastatic LNCaP human prostate cancer cells with 0-100 lM Casodex or 0-10 ng/ml TNF-a induces cell death in 20-60% of the cells by 48 h in a dose-dependent manner. In cells treated with TNFa, this is accompanied by the loss of mitochondrial membrane potential (DW m ) and cell adhesion. In contrast, cells treated with Casodex display loss of cell adhesion, but sustained mitochondrial dehydrogenase activity. Overexpression of Bcl-2 in LNCaP cells attenuates the induction of cell death by TNF-a but not Casodex, suggesting that mitochondria depolarization is not required for the induction of cell death by Casodex. While both TNF-a and Casodex-induced release of cytochrome c in LNCaP cell is predominantely associated with the translocation and cleavage of Bax, our data also suggest that Casodex induces cell death by acting on components downstream of decline of DW m and upstream of cytochrome c release. Furthermore, while induction of both caspase-3 and caspase-8 activities are observed in TNF-a and Casodex-treated cells, a novel cleavage product of procaspase-8 is seen in Casodex-treated cells. Taken together, these data support the hypothesis that Casodex induces cell death by a pathway that is independent of changes in DW m and Bcl-2 actions and results in an extended lag phase of cell survival that may promote the induction of an invasive phenotype after treatment.
Introduction
Active cell death, or apoptosis, plays a central role in maintaining tissue homeostasis and proper disposal of damaged or excess cells, including the epithelial cells of the prostate after castration or administration of antiandrogens. 1 Casodex, an antiandrogen used in prostate cancer therapy, is designed to reduce tumor size by interfering with normal androgen receptor (AR)-mediated processes that ensure prostate cell survival and by triggering tumor cells to undergo apoptosis. 2 However, tumors treated with antiandrogens ultimately become hormone refractory and have an increase propensity for metastasis. [3] [4] [5] [6] Apoptosis is usually manifested by one of two major execution pathways downstream of death signals: the death receptor-mediated pathway, often referred to as the extrinsic pathway, and the mitochondrial pathway or intrinsic pathway. 7 The death receptor-mediated pathway is activated upon ligand binding of cell surface death receptors such as tumor necrosis factor-a (TNF-a), initiating ligand-induced receptor trimerization and the formation of death-inducing signaling complex (DISC). 8, 9 Once caspase-8, the initiator caspase, is recruited in zymogen form to the DISC, it is autocatalytically processed and released from the complex to the cytosol as active tetramer to transactivate a number of downstream executioner caspases including the dominant executioner caspase, caspase-3. [10] [11] [12] Caspase-3 in turn mediates the activation of a number of proteases and nucleases that are responsible for the loss of vital cell function, the condensation of the nucleus, and fragmentation of genomic DNA. [13] [14] [15] Like other death-promoting stimuli such as oxidative stress, calcium overload and ATP depletion, caspase-8 activation from the death-receptor pathway can also trigger the mitochondrial pathway that involves the release of cytochrome c from the intermembrane space to the cytosol, lost of mitochondrial membrane potential (DC m ), hyperdensity of the matrix, and shrinkage of the organelle. [16] [17] [18] Once released from the mitochondria, cytochrome c assembles with Apaf-1 and procaspase-9 to form the apoptosome, which leads to the activation of caspase-3 and other executioner caspases that are responsible for the degradation of a variety of structural and housekeeping proteins, resulting in the disassembly of the cell. cytochrome c and the decline in DC m by heterodimerizing with proapoptotic proteins and neutralizing their activities. 7 The proapoptotic Bcl-2 subfamily includes Bax and Bak, are translocated from their cytoplasmic location to the mitochondria, where they induce the release of cytochrome c either through the formation of a multimeric channel or direct interaction with the voltage-dependent anion channel (VDAC) at the outer mitochondrial membrane (OMM). 20, 21 Cleavage of Bax to truncated t-Bax has also been shown to increase its cytotoxicity and has been implicated in facilitating the assemble of adenine nucleotide translocator (ANT) at the inner mitochondrial membrane (IMM) and VDAC at the OMM in the formation of the mitochondrial permeability transition (PT) pore complex, which is responsible for the dissipation of DC m , matrix swelling, and the release of cytochrome c. [22] [23] [24] To investigate the mechanism of Casodex-induced cell death in prostate cancer cells, we have compared specific intracellular events in the hormone-sensitive, nonmetastatic human prostate LNCaP cell line before and after treatment with Casodex and TNF-a. As Bcl-2 overexpression has been frequently observed in hormone refractory prostate tumors, 25 we have also examined the effect of Bcl-2 overexpression on the induction of cell death by Casodex. Unlike TNF-a, Casodex induces cell death through Bax-dependent and -independent pathways that involve components downstream of decline of DC m and upstream of cytochrome c release.
Results
Sustained mitochondrial dehydrogenase activity and limited loss of DW m in Casodex-induced cell death
To investigate the mechanism of Casodex-induced cell death in LNCaP cells, we first compared specific morphological events in LNCaP cells after treatment with Casodex and TNFa. TNF-a induces cell death in LNCaP cells in a timedependent manner as measured by crystal violet assay which monitors changes in number of attached cells, and MTT which monitors changes in mitochondrial dehydrogenase activities. When LNCaP cells are treated with 5 ng/ml TNF-a for 24-72 h, 20-60% cell death is observed by both assays (Figure 1 , panel A), suggesting that the loss of cell mitochondrial activity and cell attachment are coordinated events. When LNCaP cells are treated with 100 mM Casodex, a similar timedependent decrease in attached viable cells is seen for the first 24 h. However, after this initial decrease to 70% viability in mitochondrial dehydrogenase activity during the first 24 h, Figure 1 Effects of TNF-a and Casodex on cell adhesiveness, mitochondrial dehydrogenase activities and mitochondrial membrane potential (DC m ). LNCaP cells were treated with 5 ng/ml TNF-a (panel A) or 100 mM Casodex (panel B) for 24, 48 and 72 h in Gc medium. Cell adhesiveness was determined by crystal violet (') and mitochondrial dehydrogenase activity was measured using MTT assay (J). Resultes are expressed as mean 7S.D. of three independent experiments. (panel C) LNCaP cells were treated with control vehicle (a-d), 50 mM Casodex (e-h), or 5 ng/ml TNF-a (i-l) for 48 h in serum-containing medium (a, c, e, g, i, k) or serum free Gc medium (b, d, f, h, j, l). Cell death was measured by PI-exclusion (a, b, e, f, i, j). Shaded area represents the induction of cell death calculated by Multiples AV software as lapped increase in PI staining due to cell membrane permeability following treatment. DC m was measured by TMRE-inclusion (c, d, g, h, k, l). Percentage of cells that maintains DC m was calculated by determining the integral of shaded area (which represents high TMRE staining) versus total area using Multiplus AV software there is no further significant change in mitochondrial dehydrogenase activity (Figure 1, panel B) . This suggests that Casodex and TNF-a induce cell death by mechanisms that are substantially different.
The loss of DC m is a critical intracellular event for apoptosis executed through the intrinsic mitochondrial pathway. As shown in Figure 1 , panel C, compared to vehicle-treated control cells ( Figure 1 , panel C; a-d), TNF-a induces cell death and reduction of DC m in both serum-containing and serumfree medium ( Figure 1 , panel C; i-l). In contrast, Casodex only induces the reduction of DC m in serum-free medium ( Figure 1 , panel C; g, h), despite inducing similar amounts of cell death in both media ( Figure 1 , panel C; e, f). This suggests that Casodex is able to induce cell death without causing the dissipation of DC m if trophic factors are present in the serum to attenuate the process. This also suggests that, like the reduction of mitochondrial activities, the reduction of DC m is not required for Casodex-induced cell death.
Induction of viability in non-adherent cells treated with Casodex
One possible explanation for these observations is that when LNCaP cells are treated with Casodex, a significant number of cells detach from the cell culture monolayer without the concomitant loss of mitochondrial dehydrogenase activity and are thus, by definition, still viable ( Figure 1, panel B) . To verify this, anchorage-free cell viability of nonadherent LNCaP cells detached from the cell culture monolayer after treatment with control vehicle, 50 mM Casodex or 5 ng/ml TNF-a was measured in a soft agar assay. As shown in Figure 2 , Casodex induces at least a three-fold increase in the viability of nonadherent cells as compare to vehicle-treated cells. In contrast, when cells are treated with TNF-a, there is no evidence of viable nonadherent cells after treatments, demonstrating that while inducing cell death in the majority of the cell population, Casodex induces a small portion to detach from monolayer while maintaining viability.
Overexpression of Bcl-2 in LNCaP cells
Bcl-2 is thought to play an important role in both the intrinsic mitochondrial pathway and the progression of prostate cancer. To investigate the role of Bcl-2 in Casodex-induced cell death, we stably transfected LNCaP cells with human Bcl-2 and isolated two independent clones, LNCaP-B10 and LNCaP-B19 that overexpress Bcl-2. The majority of overexpressed Bcl-2 protein in these two clones is localized to NNMF, consistent with previous suggestions that Bcl-2 associates with mitochondria to prevent DC m disruption and cytochrome c release ( Figure 3, panel A) . Moreover, these transfected clones do not have altered level of expression of cytochrome c (data not shown), making these clones suitable models for studying the role of Bcl-2 in the attenuation of the intrinsic mitochondrial pathway in Casodex-induced cell death. 
Nuclear localization but not expression of AR is altered by Casodex
To determine the subcellular localization and level of expression of AR after treatment with Casodex and TNF-a, total cell lysate and nuclear fractions of wild-type (WT) and Bcl-2-overexpressing (B19) LNCaP cells after treatment were prepared. Previous report has suggested that binding of Casodex to the mutated AR of LNCaP cells either restricts the nuclear translocation or induces the rapid degradation of the receptor. 26 AR is barely detectable in the nuclear fraction after treatment with Casodex ( Figure 3, panel B) . Untreated WT and Bcl-2 overespressing (B19) LNCaP cells express substantial levels of AR in the nuclear fraction, both before and after treatment with 5 ng/ml TNF-a. In contrast, total level of expression of AR in both WT and Bcl-2 overexpressing (B19) LNCaP cells is not affected by Casodex treatment ( Figure 3 , panel C). In contrast, TNF-a treatment of both WT and B19 LNCaP cells only slightly decreases the level of AR, suggesting that Casodex acts on the androgen receptormediated pathway through reducing the nuclear localization of AR but not its expression.
Bcl-2 overexpression attenuates cell death induced by TNF-a but not Casodex
As shown in Figure 
Differential activation of caspases by Casodex and TNF-a
Caspase-3 and capase-8 are proteolytically cleaved and activated directly downstream of the mitochondrial pathway or the death receptor pathway, respectively. 27, 28 As shown in Figure 5 , panel A, procaspase-3 is proteolytically cleaved and activated after treatment with 100 mM Casodex or 10 ng/ml TNF-a. In particular, the activation of caspase-3 in LNCaP cells by Casodex is observed 24-48 h after treatment, preceding that seen after TNF-a treatment where the activation does not occurs until 48-72 h. Proteolytic cleavage of procaspase-8 occurs between 48 and 72 h after treatment with Casodex or TNF-a. However, Casodex treatment induces a novel 45 kDa cleavage product of procaspase-8 ( Figure 5, panel B) . To determine whether this cleavage product is enzymatically active, both caspase-3 and capase-8 activities of LNCaP cells were measured using fluorogenic substrate DEVD-AFC and IETD-AFC respectively, before and after treatment with TNF-a or Casodex. Casodex induces a higher DEVDase activity than TNF-a in LNCaP cells after 48 h of treatment ( Figure 5 
Casodex-induced release of cytochrome C involves both Bax-dependent and -independent pathways
The release of cytochrome c from mitochondria to cytosol is one of the hallmarks for apoptosis. Since the translocation of Bax from the cytosolic to the mitochondrial faction is often associated with the release of cytochrome c during apoptosis, 29 we examined the subcellular redistribution of cytochrome c and Bax after Casodex treatment of LNCaP cells. S100 and NNMF were isolated from WT LNCaP cells after treatment with Casodex or TNF-a. ATP synthase-a was not detectable in S100, demonstrating that the S100 cytosolic fraction is free of mitochondrial contamination ( Figure 6 , panels A and B). Increased levels of cytochrome c are detected in S100 after Casodex or TNF-a treatment ( Figure 6 , , suggesting that cytochrome c is relocalized from the mitochondria to the cytosol upon treatment. Furthermore, decreased levels of Bax in S100 and increased level of both Bax and truncated Bax (t-Bax) in NNMF occur after treatment with both Casodex and TNF-a ( Figure 6, panel B) , demonstrating that in LNCaP cells, both Casodex and TNF-a induce the cleavage of Bax and its localization to the mitochondria. Further examination by immunofluorescence microscopy suggested that Casodex-induced release of cytochrome c is executed predominately by a Bax-dependent mechanism. As shown in Figure 7 , in control vehicle-treated cells (Figure 7 ; ad), punctated cytochrome c staining is observed and Baxstaining is undetectable, consistent with their respective mitochondrial and cytoplasmic location in preapoptotic cells. Upon induction of apoptotic signal by TNF-a (Figure 7 ; e-h) or Casodex (Figure 7 ; i-l; m-p), diffuse cytoplasmic cytochrome c staining is detected throughout the cell, which obscure the nuclei, consistent with redistribution of cytochrome c from mitochondria to cytoplasm (Figure 7 ; g, k, o). This is accompanied by translocation of Bax from cytoplasm to mitochondria as evidenced by punctuated Bax staining in cells treated with TNF-a or Casodex (Figure 7 ; f, j, n). This is followed by chromatin condensation as identified by Hoechst nuclear staining and cytosolic vacuolization and nuclear condensation (Figure 7 
Discussion
Prostate cancer is the second leading cause of cancer-related deaths of men in Western countries. Since most prostatic tumors are androgen dependent, androgen deprivation through surgical or medical castration remains the most common treatment despite their considerable side effects on sexual potency. Monotherapy with antiandrogens such as Casodex, which may preserve testosterone levels and sexual potency, has provided an attractive alternative therapeutic approach to surgical intervention. 30 Unfortunately, progression to hormone refractory diseases occurs within a few years in nearly all cases. Although the underlying mechanism of Casodex-induced prostate cancer cell death has yet to be fully elucidated, the use of Casodex alone, or as adjuvant to treatment, has remain to be an attractive alternative to castration, mainly due to its quality-of-life and tolerability benefits.
Unlike TNF-a, Casodex induces the loss of cell adhesion in LNCaP cells prior to the loss of mitochondrial activity. In Figure 6 Translocation of cytochrome c and Bax after treatment with TNF-a and Casodex. S100 and NNMF isolated from WT LNCaP cells treated with control vehicle, 10 ng/ml TNF-a or 100 mM Casodex for 48 h in Gc medium were separated on SDS-PAGE, transferred to nitrocellulose, and immunoblotted with anticytochrome c (7H8.2C12, PharMingen) (panel A) or anti-Bax (13666E; PharMingen) (panel B) antibody. Anti-ATP synthase-a (A11177; Molecular Probes) and anti-GAPDH (6G5; Biogenesis) antibodies were used to immunoblot for the level of mitochondrial and cytoplasmic contamination respectively addition, the observation that Casodex is able to induce cell death without disrupting DC m further demonstrates that mitochondria are unlikely to be the immediate target of Casodex-induced cell death. This suggests that after treatment with Casodex, some nonadherent cells are viable. This is further supported by the demonstration that after Casodex treatment, a small proportion of the nonadherent cells are not only viable immediately after treatment, but remain so for several weeks and are capable of cell division and colony formation. Furthermore, extracellular matrix proteases including MMP-2 and MMP-9 are upregulated in Casodex-treated LNCaP cells. 31 Taken together, these data suggest that while Casodex induces cell death in most LNCaP cells, a small proportion of cells do not lose their mitochondrial membrane potential or mitochondrial dehydrogenase activity and upregulate several extracellular matric proteases, rendering them capable of invasion.
The invasive phenotype is a critical step in the progression of prostate cancer. The majority of prostate cancer patients treated with Casodex or other antiandrogens ultimately develop hormone refractory diseases and have increased propensity for metastasis. While the mechanism of Casodexinduced cell death in prostate cancer cell is presumed to be through the AR (since it is blocked by pre-incubation with an androgen analogue R1881) 46 it is not clear how binding to AR induces apoptotic responses. Since abrogation of cell death in cancer cells has been suggested to lead to cancer progression, 32 the underlying mechanism of Casodex-induced cell death needed to be fully elucidated. It has been suggested that failure of conventional androgen deprivation therapy in prostate cancer may be caused by clonal expansion of tumor cells that are able to continue androgen-dependent growth despite of low concentrations of serum androgens through the amplification or mutation of the AR gene. 33 While Casodex downregulates AR in the nucleus through cytoplasmic translocation and degradation, neither Bcl-2 overexpression nor TNF-a alter the expression or nuclear localization of AR. This suggests that neither TNF-a nor Casodex induce cell death simply by affecting the levels of AR expression. Furthermore, the fact that Bcl-2 overexpression attenuates cell death induced by TNF-a but not Casodex suggested that increased Bcl-2 expression seen in advance stage prostate tumor 25 is not necessary the cause of survival for hormone refractory cancer cells after antiandrogen therapy. Further studies are needed to elucidate the role of Bcl-2 overexpression in the resistance to antiandrogen therapy.
A central component of the apoptotic machinery is a proteolytic system involving a family of proteases called caspases where activation through irreversible proteolysis of their inactive precursors (zymogens) at specific Asp residues is required. 28 While TNF-a initiates this proteolytic system through caspase-8, Casodex appears to induce it primarily through caspase-3. Despite the uncertainties around the precise sequence of cleavage of procaspase-8, Casodex appears to induce a nonclassical cleavage product of caspase-8 that may be due to caspase-3 cleavage of procaspase-8 at D 395 EADkF 399 , resulting in the novel cleavage product at 45 kDa. 34 Although capase-8 is moderately active after Casodex treatment, it is nevertheless generated from an alternative pathway where substrate specificity of the active enzyme may be altered. This may in turn change the temporal sequence of events surrounding the activation of caspase-8 and the remainder of the apoptotic cascade and providing an opportunity for cells to avoid DNA cleavage and cell death.
The translocation and cleavage of Bax is often associated with mitochondrial disruption during apoptosis. 29 We have demonstrated that the release of cytochrome c after Casodex treatment is predominately associated with the translocation and clearage of Bax in a DC m -independent manner. Increas- Figure 7 Effects of TNF-a and Casodex on cytochrome c release, Bax translocation, and nuclear condensation. LNCaP cells were treated with control vehicle (a-d), 10 ng/ml TNF-a (e-h), 50 mM (i-l) or 100 mM Casodex (m-p) for 48 h in Gc medium, fixed and immunostained with anticytochrome c mouse monoclonal (6H2.B4, PharMingen) and anti-Bax rabbit polyclonal (06499MN; Upstate Biotech.) antibody, and visualized with anti-mouse ALEXA-488-conjugated and anti-rabbit ALEXA-568-conjugated (A11001, A11036; Molecular Probes) secondary antibody respectively. Nuclei were counterstained with Hoechst 33258 (Sigma) (Bar: 25 mm) ing evidence has suggested that the release of cytochrome c and disruption of DC m are separate events in the processes leading to mitochondrial disruption. [35] [36] [37] Whether or not mitochondria plays an essential role in the control of apoptosis is still a matter of debate. In fact, our data suggest that mitochondrial membrane transition may serve as an amplifying loop for the apoptotic process at the later stages of apoptosis but may not play a direct role in the initiation of Casodex-induced cell death. These findings lead to the hypothesis that Casodex induces cell death by acting on components downstream of the decline in DC m and upstream of cytochrome c release in a predominantly Bax-dependent manner (Figure 8 ). There is also some evidence of Baxindependent release of cytochrome c after treatment with Casodex (Figure 8, inset) . Whether this represents an alternative apoptotic pathway remains to be elucidated, however, there is precedent for Bax-independent cytochrome c release in neural cells, isolated liver mitochondria and HL-60 cells. 36, [38] [39] [40] [41] In summary, we have demonstrated that different drugs may induce cell death in the same cell line through different mechanisms that involve many or all of the same components of the apoptotic machinery, but with substantially different time courses and efficiencies. In particular, Casodex induces cell death in a lentigrade fashion that results in an extended lag phase of cell survival between the initiation of cell death and the fragmentation of DNA, during which time other survivals mechanisms may abrogate the process. This may offer the mechanistic explanation for the failure of most antiandrogen therapy in prostate cancer and the emergence of hormone refractory tumors that have high propensity for metastasis, and raises questions about the use of Casodex and other antiandrogens for neoadjuvant therapy or as chemopreventive agents.
Materials and Methods

Cell culture
LNCaP cells were maintained in RPMI-1640 supplemented with 10% fetal bovine serum (FBS). Prior to each experiment, cells were plated in this medium, and after 24 h transferred to serum-free growth control (Gc) medium (RPMI-1640, 2 mg/ml BSA-V, 1 ng/ml EGF, 0.5 mg/ml fetuin, 50 nM hydrocortizone, 20 mg/ml insulin, 25 nM sodium selenite, 0.5 mM sodium pyruvate, 0.1 nM T 3 , 10 mg/ml transferrin, 10 nM testosterone) 42 for an additional 48 h prior to treatment. This medium induces cell cycle arrest in LNCaP cells, lowering the fraction of cells in S phase to less then 10%, mimicking the growth fraction seen in most prostate tumors in vivo.
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Cell adhesiveness was assayed by crystal violet and mitochondrial dehydrogenase activity was measured by MTT assay (Sigma, St. Louis, MO, USA).
Cells were treated with 1-10 ng/ml TNF-a or 10-100 mM Casodex dissolved in 95% ethanol and 5% dimethyl sulfoxide (DMSO). The doses of Casodex used in these experiments (10-100 mM) were chosen Figure 8 Schematic model of proposed mechanism of Casodex-induced cell death. Upon ligand binding of cell surface death receptors such as TNF-a, the initiator caspase, procaspase-8 is recruited and auto-catalytically activated. Bax is also activated by cleavage to t-Bax and binds to the mitochondrial membrane, inducing the reduction of DC m and the release of cytochrome c. The activation of caspase-8 and release of cytochrome c into the cytoplasm results in the activation of caspase-3, an executioner caspase, which activates the nucleases and proteases responsible for nuclear condensation and subsequent DNA fragmentation, leading to cell death. These processes can be blocked by overexpression of Bcl-2. In contrast, Casodex induces the release of cytochrome c by both Bax-dependent and -independent mechanisms (dotted arrows), resulting in the activation of caspase-3, DNA fragmentation and cell death that is independent of changes in DC m and insensitive to the overexpression of anti-apoptotic Bcl-2 protein. Caspase-8 is catalytically activated by Casodex through a mechanism that is mediated by caspase-3 or other executioner caspases (dotted arrows) because they effectively bracket the steady-state serum concentrations (C ss ¼8.973.5 mg/ml [30 mM]), achieved in clinical studies with localized prostate cancer in which patients received 50 mg Casodex once per day, 43 either alone or in combination with Zoladex (an LH-RH analog). Casodex is also being used in a monotherapy regimen as an alternative treatment to castration in patients with locally advanced prostate cancer at a dose of 150 mg Casodex/day (C ss E90 mM). 44 Thus the upper dose used in our studies (100 mM) is only slightly higher than the steady-state serum levels achieved in the preclinical analysis of the pharmacokinetics of Casodex.
Flow cytometry
For analysis of DC m , cells treated with control vehicle, 50 mM Casodex or 5 ng/ml TNF-a in serum-containing or serum-free medium for 48 h were harvested by trypsinization, resuspended in serum-containing medium with 1 mM tetramethylrhodamine ethyl ester (TMRE, Molecular Probes, Eugene, OR, USA), incubated for 15 min at 371C, and analyzed for red fluorescence on FL3 using a 620 nm band-pass filter on an Epics XL Flow Cytometer. The results were modeled with the Multiplus AV software (Phoenix Flow Systems, San Diego, CA, USA).
For analysis of cell death, adherent cells were harvested by trypsinization, pooled with nonadherent cells and resuspended in serum-containing medium with 1 mg/ml propidium iodide (PI). After incubation for 30 min at room temperature, samples were analyzed and modeled for PI fluorescence as described above.
Anchorage-free cell viability assay
LNCaP cells were treated with control vehicle, 50 mM Casodex or 5 ng/ml TNF-a in Gc medium for 72 h. After each treatment, nonadherent cells (5 Â 10 3 ) detached from the cell culture monolayer were collected and replated on 6-well tissue culture plates (9.5 cm 2 of growth area per well; Corning Inc., Corning, NY, USA) in RPMI-1640 supplemented with 10% FBS and 0.5% DNA grade agarose (Life Technologies, Rockville, MD, USA). Cells were incubated at 371C for a further 2 weeks, at which time the number of visible colonies per well was scored as a percentage of the number of cells replated.
Stable transfection
LNCaP cells were stably transfected with human Bcl-2 subcloned into pcDNA3 (Invitrogen, Carlsbad, CA, USA) or the empty vector using Lipofectin (Life Technologies). Transfected cells were selected with 400 mg/ml G418 for 4 weeks. Independent clones were selected by serial dilution and two lines overexpressing Bcl-2 were designated LNCaP-B10 and LNCaP-B19, respectively. Cell lines demonstrating G418 resistance and transfected with the empty vector were designated LNCaP-Neo control cells.
Total cell lysate
Total cell lysates were prepared using standard protocols. Cells were trypsinized, and pelleted by centrifugation at 1500 Â g for 3 min at 41C. Pellets were resuspended in Buffer A (20 mM HEPES-KOH, pH 7.5, 10 mM HCl, 1.5 mM MgCl 2 , 1 mM EDTA, 1 mM dithiothreitol, 250 mM sucrose, 10 mM sodium fluoride, 10 mM sodium vanadate, 10 mg/ml Leupeptin, 1 mM phenylmethylsulfonyl fluoride, 1 mg/ml Aprotinin and 1 mM benzamidine), sonicated three times for 20 s, and stored at À801C. Protein concentrations were determined by the Micro BCA protein assay (Pierce, Rockford, IL, USA).
Subcellular fractionation
Subcellular fractions were isolated as previously described. 45 Cells were trypsinized, and pelleted by centrifugation at 1500 Â g for 3 min at 41C. Pellets were resuspended with three volumes of Buffer A and lysed with a Dounce homogenizer. Homogenates were centrifuged twice at 2000 Â g for 5 min at 41C and the nuclear pellets were resuspended in Buffer A, sonicated for 20 s, and stored at À801C. The supernatants were ultracentrifuged at 100 000 Â g for 1 h at 41C. The resultant pellets containing the mitochondria, and designated the non-nuclear membrane fractions (NNMF) were resuspended in Buffer A, sonicated for 20 s, and stored at À801C. The resulting supernatant containing cytosolic fraction was designated S100 and stored at À801C.
Western blot analysis
Total cell lysate (100 mg) and subcellular fractions (100 mg) isolated as described above were solubilized in loading buffer containing 2.5% bmercaptoethanol, separated by SDS-PAGE, and transferred to nitrocellulose. Equal loading and transfer of proteins were confirmed by Ponceau-S staining (BDH, Dorset, England). Protein derived from total cell lysate, nuclear, NNMF and/or S100 extracts were immunoblotted with anti-AR rabbit polyclonal (PG-21; Upstate Biotechnology, Lake Placid, NY, USA), anti-Bcl-2 mouse monoclonal (clone 124; Upstate Biotech.), anti-Bax rabbit polyclonal (13666E; PharMingen, San Diego, CA, USA), anticaspase-3 rabbit polyclonal (06735; Upstate Biotech.), anticaspase-8 mouse monoclonal (clone 5F7; Upstate Biotech.), anticytochrome c mouse monoclonal (7H8.2C12; PharMingen), anti-GAPDH mouse monoclonal (6G5; Biogenesis, Kingston, NH, USA), antilamin A/C goat polyclonal (N-18; Santa Cruz Biotech., Santa Cruz, CA, USA) or anti-ATP synthase-a mouse polyclonal antibodies (A11177; Molecular Probes) diluted in blocking solution (1% heat denatured casein in PBS). Specific antibody binding was detected by goat anti-mouse (Caltag, Burlingame, CA, USA), goat anti-rabbit (BIORAD, Hercules, CA, USA), or mouse antigoat (Jackson Immuno., West Grove, PA, USA) IgG antibody conjugated with horseradish peroxidase diluted 1 : 4000 or 1 : 8000 in blocking solution and autoradiographed with enhanced chemiluminescence (Pierce). Blots were stripped with Western Re-Probet Buffer (Geno Technology, St. Louis, MO, USA).
Caspase activity assay
Caspase activity was analyzed with the ApoAlert Caspase Fluorescent Assay kit according to manufacturer's protocol (CLONTECH, Palo Alto, CA, USA). In brief, cytosolic extracts from 1 Â 10 6 LNCaP cells after treatment with control vehicle, 100 mM Casodex or 10 ng/ml TNF-a for 48 h in Gc medium were incubated with 50 mM DEVD-AFC or 50 mM IETD-AFC for 1 h at 371C in the presence or absence of 10 mM DEVD-CHO or 10 mM IETD-fmk. Caspase-3 and caspase-8 activities of the samples were assayed by fluorescence spectroscopy with excitation at 390 nm and emission at 510 nm, of 7-amino-4-trifluoromethyl coumarin (AFC) after cleavage from the peptide substrate DEVD-AFC and IETD-AFC, respectively.
Immunofluorescence
LNCaP cells grown on Lab-Tek II chamberslides (Nalge Nunc International) were treated with control vehicle, 50 or 100 mM Casodex or 10 ng/ml TNF-a in Gc medium for 48 h. The cells were fixed in 3.7% formaldehyde in PBS for 5 min at room temperature, permeabilized in methanol at À201C for 6 min, and blocked overnight with 1% BSA in PBS containing 0.02% sodium azide. The slides were then incubated with anticytochrome c mouse monoclonal (6H2.B4; PharMingen) and anti-Bax rabbit polyconal (06499MN; Upstate Biotech.) antibody, both diluted 1:100 in blocking buffer, for 2 h at 371C in a humidified chamber. Slides were washed three times for 5 min with PBS followed by incubation for 1 h at room temperature with anti-mouse ALEXA-488-conjugated and anti-rabbit ALEXA-568-conjugated secondary antibody (photo-stable dyes with spectral properties similar to fluorescein; A11001, A11036; Molecular Probes) diluted 1:50 and 1:100 in blocking buffer, respectively. Slides were washed three times for 5 min with PBS, incubated for 15 min at room temperature with 1 mg/ml Hoechst 33258 (Sigma), washed five times for 5 min with PBS, rinsed with ddH 2 O, and coverslipped with an antifademounting medium (Biomeda, Foster City, CA, USA). Fluorescence was detected using Olympus AX70 microscope equipped with a Spot RT digital camera. Images were analyzed and merged using Adobe Photoshop software (Adobe Systems Inc., San Jose, CA, USA).
Statistical analysis
Data are expressed as means 7S.D., and significance was determined by using a Student's t-test. A value of Po0.05 was considered to be significant.
